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ABSTRACT
Trihalomethanes are a class of compounds that are restricted by the Environmental 
Protection Agency for drinking water. Water sources that contain a high amount of 
water life increase the amount of trihalomethanes produced when the water is 
chlorinated. Following the methods utilized by the Metropolitan Water District of 
Southern California, lake water from the Overton Arm of Lake Mead was sampled, 
chlorinated, extracted, and analyzed by a gas chromatograph equipped with an electron 
capture detector.
Analysis of the data showed that the Boulder Basin of Lake Mead produced the 
highest concentrations of trihalomethanes. The lake’s Overton Arm showed more 
bromoform production and areas from Lake Mohave resembled the Boulder Basin.
An extraction method was modified to isolate another group of halogenated 
compounds, known as haloacetic acids. Results showed that the methylation performed 
well however, the diazomethane methylated many compounds that were not being 
studied which interfered with the compounds that were being studied.
The final portion of this research dealt with the levels of trihalomethanes produced 
by the chlorination of swimming pools in the Las Vegas Valley. Results of these 
samples showed that the public swimming pools produced more trihalomethanes, 
specifically chloroform, than the private swimming pools.
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INTRODUCTION
The research in this thesis came about from an experiment performed on Lake 
Mead, which is part of the Colorado River system. In a massive attempt to increase the 
population of game fish in the Overton Arm of the lake, the Lake Mead Limnological 
Research Center (LMLRC) added fertilizer to this section of the lake to stimulate the 
food chain. The fertilizer, consisting of polyphosphates, was to be consumed by 
microorganisms, which were eaten by macroorganisms, which were eaten by small fish, 
and the small fish finally consumed by the larger game fish.
Usually, when a system is altered, systems further down the chain are also altered. 
With this in mind, the Metropolitan Water District (MWD) of Southern California had 
concerns about the resulting water quality in Southern California. An increase in 
precursors for disinfection byproducts (DBPs) was the primary worry.
MWD asked that the LMLRC monitor the production of trihalomethanes from the 
chlorination of the water taken at various sampling sites in the Overton Arm of Lake 
Mead. Monthly sampling was attempted, especially between the months of May and 
September.
From this initial sampling and analysis, ideas began to spring forth on other areas 
of research on Lake Mead and also on Lake Mohave. THMs would be monitored from 
chlorinated water originating from the Boulder Basin region of Lake Mead and the 
northern portion of Lake Mohave. The ultimate goal was to analyze the entire Colorado 
River system from Lake Mead to the Gulf of California. Funding was not obtained for
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the entire Colorado River system analysis, so the sampling stopped at Lake Mohave.
Haloacetic acids were another group of DBPs that the LMLRC was interested in 
analyzing. The extraction technique and gas chromatographic analysis for haloacetic 
acids was optimized in this research.
As the analysis of THMs progressed, other chlorinated systems stirred this 
researcher’s interest. Swimming pools became the main interest of this researcher. The 
Las Vegas Valley is home to many swimming pools because of the hot summers and 
warm springs and falls. Since most swimming pools are chlorinated, THMs were sure 
to be found.
LITERATURE REVIEW
The major trihalomethanes (THMs) found in drinking water are chloroform, 
bromoform, bromodichloromethane, and dibromochloromethane, chloroform being the 
predominant product (Rook, 1974)1. THMs became a concern when they were found 
to be present in water after the chlorination process (Rook, 1974)1. Chloroform has 
been labeled a carcinogenic compound and has moderate acute toxicity (National 
Research Council, 1978)2. Responses from test animals have shown damage to the 
central nervous system, liver, and kidneys (AWWA, 1982)3. Correlations have also 
been found between chloroform and pancreatic and bladder cancer (Buncher, 1975)4.
The carcinogenic effects of bromoform are unknown, however, it is mutagenic and 
highly toxic (NRC, 1978)2. Very little is known about the effects of
bromodichloromethane and dibromochloromethane, but, they are suspected to be 
carcinogenic. In 1979 the United States Environmental Protection Agency set the limit 
of the total trihalomethanes (TTHMs) that can be present in finished drinking water to 
be no more than 100 ug/1 (Federal Register, 1979)5. In i992, the maximum 
contamination limits of TTHMs are proposed to be lowered to either 25 ug/1 or 50 ug/1 
(McGuire, 1990)38.
The properties of THMs give cause for environmental concern. The vapor pressures 
of THMs are low enough not to volatilize immediately and they are more dense than 
water. THMs tend to settle and accumulate at the bottom of the water system before 
dispersing or evaporating to the atmosphere. Specific gravities for THM vapors are 
greater than that of air. If there is a gaseous emission of one of the THMs, the plume 
will settle to the ground before mixing with air (NRC, 1978)2. Research has shown that 
chloroform absorbs onto bentonite clay and peat moss readily, which decreases the rate 
of evaporation (Dilling, 1975)6. The half-life of chloroform in water is 3-4 x 104 years 
(NRC, 1978)2. A list of the major THM’s properties are found in table 1.
In industry, chloroform is usually synthesized by chlorinating methane under 
ultraviolet light. The end product is carbon tetrachloride but THMs are removed after 
the third step (Figure 1). By the addition of bromine at certain steps or leaving out 
chlorine altogether, the three other THMs can be produced. Product yields are usually 
in the ninety percent range (Faith, 1965)7. Another synthesis scheme involves the use 
of a bleaching powder (Ca(OCl)2 H20) on acetone (Figure 2). The percent yield is near 
ninety percent (NRC, 1978)2.
Bromoform can also be formed by treating chloroform with either aluminum 
bromide or hydrobromic acid and adding an aluminum halide catalyst (Figure 3). The 
chlorine atoms are replaced by the bromine atoms (NRC, 1978)2.
For the most part, the formation of THMs from water chlorination differs from the 
industrial production of THMs. The process is called the haloform reaction. This 
reaction involves the action of hypohalites on organic compounds (Fuson, 1934)8. In 
a two-step process, a ketone, such as acetone, is first halogenated by sodium 
hypohalite. The resulting compound is cleaved by the action of sodium hydroxide to 
produce the THM and sodium acetate. Figure 4 shows the reaction in a more detailed 
view. A hydrogen is abstracted from the methyl group on the acetone. Chlorine is then 
added in place of the hydrogen. This is repeated until there are all chlorines in place 
of the hydrogens. In the final step, a hydroxy group substitutes for the chlorinated 
portion of the acetone, leaving a carboxylic acid and chloroform.
At most water and wastewater treatment plants, chlorine gas is added to the water. 
The chlorine gas molecule reacts with the carbonate ion to produce hypochlorous acid, 
carbon dioxide, and the chloride ion (AWWA Proc, 1983)9. Depending upon the pH, 
hypochlorous acid can be present as the free acid or as the hypochlorite ion (Figure 5). 
Hypochlorous acid is far more efficient than the hypochlorite ion as a disinfection 
agent. Therefore, at low pHs, more chlorine is available in the hypochlorous acid form 
and will react with its target. A pH between 8 and 10 is needed to cleave the 
chloroform from its parent compound.
Trihalomethanes are by far not the only product resulting from water chlorination.
In addition to the haloacetic acids, many other compounds are produced. Figure 6 
shows the reaction of hypochlorous acid with three other compounds besides acetone.
Precursors are those organic substances that are chlorinated in the water purification 
process. Contributors to the precursors include algae, extracellular products from the 
algae, bacteria, humic acids, and fulvic acids (Palmstrom, 1988)10. The structure of 
humic acids and fulvic acids are complex and diverse. Partial structures have been 
characterized (Figure 7). The algae, Anabaena, can produce up to 500 ptg/1 TTHMs 
after being chlorinated for seven days (Briley, 1980)11. Humics and fulvics originate 
from runoff during rains and snowmelt and from decomposition of organic matter 
(Avnimelech, 1984)12. They tend to settle in the sediment of reservoirs. The influx of 
wastewater and agricultural drainage may also contribute to the precursor pool 
(Schmidt, 1980)13.
For the most part water treatment plants do not brominate their water supply. Yet, 
brominated products are formed in the chlorinating process. This is due to the presence 
of the bromide ion in the body of water. The origin of bromide may be from 
agricultural runoff, industrial drainage, or infusion of seawater into freshwater systems 
(McGuire, 1988)14. Hypochlorous acid reacts with the bromide ion to produce 
hypobromous acid. The hypobromous acid then can react with precursors to give 
brominated species of THMs (Figure 8). Drinking water is usually chlorinated with a 
dose of 5 mg/1 or less. The quality of the water after this dosage depends upon the 
eutrophication levels of the water source. Water sources that do not have an abundance 
of plant and animal life probably will be very good, while water sources that support
an abundance of life will be of poor water quality and need further chlorination.
Many studies have been done to determine the maximum total THM potential. They 
are based on research done by the USEPA, method 510.1 (Bellar, 1981)15. The 
procedure requires that a minimum of 5 mg/1 of chlorinating solution be applied to each 
sample. The unused chlorine called, free chlorine, at the end of the chlorine incubation, 
must be greater than 0.2 mg/1. In one study, the amount of chlorine added was 15 mg/1 
(Palmstrom, 1988)10. Doses of 25 mg/1 have also been used for chlorination 
(Faust, 1983)16. In these studies, the TTHMs ranged from 13 /ug/1 to 721 /xg/1. The 
differences were due to the water source, the time of year, and the concentration of the 
chlorine solution.
The source of water was determined by the location that the sample was obtained 
from in areas in the lake or river. The time of year plays an important factor. Rainfall, 
runoff, temperature, and usage of the water source can affect the precursor levels of 
the water. The concentration of the chlorine/buffer solution is controlled in the 
laboratory.
Adult consumption of water and waterbased drinks ranges from 365 ml/day to 2180 
ml/day (ICRP, 1975)17. A wide range of chloroform can be found in water that has 
been chlorinated. From a surface water source, the concentrations ranged from 37.3 
/ug/1 to 152 /ug/1 (Bellar, 1974)18 and from finished water the range was from less than 
0.1 /*g/l to 311 jig/1 (Symons, 1976)19. Bromoform concentrations in finished water 
were less than 0.8 /ug/1 to 92 /ig/1. Bromodichloromethane concentrations were 0.3 /ug/1 
to 116 /ug/1 and dibromochloromethane concentrations ranged from 0.4 /ug/1 to 110 /ug/1
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(Symons, 1975)20. The average intake of chloroform for one year, for an adult male, 
with water and waterbased fluids being the source, is calculated to be 28.4 mg/year. 
If the adult male drank from the water source that produced the highest concentrations 
of chloroform, then his intake would be 494 mg/year (NRC, 1978)2.
THMs are not the only disinfection byproducts. Chloroform comprises only 20 
percent of the total organic halides (TOX) that are produced. TTHMs represents less 
than one percent of the total organic carbon (TOC) present in sourcewater (Reckhow, 
1984)26. Trichloroacetic acid is usually 18 percent of the TOX and dichloroacetic acid 
is 6 percent. Trichloroacetic acid (TCAA) and dichloroacetic acid (DCAA) are 
mutagenic. The presence of these haloacetic acids in drinking water has not been 
studied to any great lengths.
Chloroform is found in swimming pools that have been chlorinated. Although there 
are limits as to the amount of THMs that can be present in drinking water, no such 
regulations relate to swimming pools. The amount of swimming pool water ingested by 
swimmers is thought to be 50 ml for a period of one hour (Barnes, 1989)27. This 
estimate is low in the case of competition swimmers who spend hours in the pool and 
for the recreational swimmer who swims underwater more than normal. The amount 
of chloroform that reaches the bloodstream after a two-hour swim shows an increase 
in chloroform blood levels of 0.61 jttg/1 (Copaken, 1990)28.
Research has shown that measured levels of chloroform in swimming pools has a 
great range, depending on how the pool is used. A range of 1.1 /xg/1 to 271.0 yttg/l was 
found in some French pools (Chambon, 1983)29. Another study found the average
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concentration of THMs to be 125 /*g/l (Beech, 1980)30. Precursor sources can be from 
humic acids (Barnes, 1989)27 and human metabolites, such as citric acid and 3,5- 
dihydroxybenzoic acid (Chambon, 1983)29. It can be easily postulated that swimming 
pools that attract larger crowds, especially those that children play in, will have a 
greater concentration of THMs. Pools that have been brominated, or pools that are 
supplied by seawater, show high concentrations of bromoform (Beech, 1980)30.
Gas chromatography (GC) appears to be the best method for separating THMs. An 
electron-capture detector (ECD) is the most sensitive for halogenated compounds at the 
microgram per liter range. GC-ECD is used for various water districts with very good 
results (Krasner, 1988)31. GC-ECD is also used for detection of trichloroacetic acid and 
dichloroacetic acid (Koch, 1988)32. These two compounds are made into their methyl- 
ester derivatives using diazomethane before analysis by GC-ECD. One method for 
generating diazomethane uses diazald (Kirkland, 1961)33 and the other method uses 1- 
methyl-N-nitroso-N’-nitroguanidine (MNNG),which turns out to be safer and has a 
higher diazomethane yield (Fales, 1973)34.
Other methods of disinfecting the water supply have been studied and implemented. 
Reducing the amount of precursors prior to chlorinating the raw water can be 
accomplished using several techniques. Filtration, coagulation, and sedimentation can 
rid the system of 90 percent of the precursors (Symons, 1976)19. Other disinfectants can 
also be introduced to the precursor. These disinfectant techniques involve using ozone, 
chloramine, potassium permanganate, chlorine dioxide, or bromine chloride (NRC, 
1978)2. Water districts throughout the United States have tried one or the other in order
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to comply with the EPA regulations. Problems exist with these methods. Ozone is 
effective in destroying humic acids, however large amounts of ozone are needed. 
Potassium permanganate is very slow reacting. And chlorine dioxide produces THMs 
before destroying the precursors (Symons, 1976)19. Removing humic acids prior to 
chlorination can lead to other problems in the water distribution system. Humic acids 
help to control corrosion of the distribution cycle. The ensuing corrosion would make 
the water hazardous both to the population and also to copper plumbing.
Ozone becomes a very good water disinfector when used at high doses and long 
contact times (Faust, 1983)16. It has been shown to have no THM byproducts (Legube, 
1986)35. However, there is no ozone residual after its application, so further growth of 
organisms may take place. Formaldehyde, acetaldehyde, and glyoxal are three of the 
byproducts of ozonation (Glaze, 1989)36.
Chloramination ranks as the least effective water disinfectant. Its byproducts are 
nitrates and nitrites which can react with amines to produce nitrosomines. Nitrosomines 
are a very potent class of carcinogens (Singer, 1989)37.
Chlorine dioxide works well as a water disinfector. Doses of 2 mg/1 left a chlorine 
residual greater than the 1.0 mg/1 allowed by the EPA. If chlorine is added to water 
that has been treated with chlorine dioxide, then chlorine dioxide and chlorine trioxide 
are produced as byproducts, which can cause hemolytic anemia (Singer, 1989)37.
The use of bromine chloride also results in the production of THMs. The major 
THM produced from bromination is bromoform and the actual sum of THMs is greater 
than that of a chlorinated system (AWWA, 1982)3.
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The Colorado River system provides water for millions of people. It is probably the 
most regulated river in the world (Plummer, 1981)21. Lake Mead and Lake Mohave are 
two of the reservoirs for the system. The population growth in the Southwest has 
skyrocketed in the 1980s and is still increasing in the 1990s, placing a greater demand 
for water supplies and a greater impact for wastewater discharge into the lakes. Because 
of the increased urbanization, the quality of surface and groundwater has declined 
(Schmidt, 1980)13.
Lake Mead is not a homogenous lake. It consists of various ecosystems that are 
caused by unique geological features. The main inflow into the lake is by the Colorado 
River, which is downstream from Lake Powell. The Virgin River and the Muddy River 
discharge into the Overton Arm of the lake, and the Las Vegas Wash feeds the Boulder 
Basin (Figure 9). Tertiary treated wastewater is discharged into Las Vegas Wash ten 
miles upstream from where the Wash enters the lake and another ten miles above the 
intake for the Southern Nevada water system.
Nutrient rich portions of lakes provide a source of higher concentrations of 
precursors for THMs. The upper basin (Overton Arm) of Lake Mead has been shown 
to be low in phosphorus, while the lower basin (Boulder Basin) has been shown to be 
rich in nutrients (Prentki, 1981)22. Since the construction of Lake Powell, suspended 
sediment has been reduced by 70 to 80 percent (Evans, 1981)23. Another study showed 
that Lake Powell retained over 90 percent of the available phosphorus (Paulson, 
1983)24. The Las Vegas Wash, being a secondary effluent to Lake Mead, is responsible 
for the eutrophication of the Boulder Basin (Greene, 1986)25.
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METHODS:
LAKE SAMPLING
Samples were collected in either 125 ml or 250 ml glass amber bottles with teflon- 
lined screw caps. Prior to use, the bottles were baked in a muffle furnace at 600°C for 
four hours. Various locations were sampled in Lake Mead and Lake Mohave, 
concentrating on the Boulder Basin and Overton Arm of Lake Mead (Figure 10 and 
Figure 11). In the surface grabs, the bottles were held under water at a depth of six 
inches to twelve inches. The bottles were filled completely under water and the cap was 
screwed onto the bottle while still under water.
For samples collected at deeper depths, a Van Dorn water sampler was used to 
collect the water. The Van Dorn water sampler is made of poly-vinyl chloride tubing 
with a diameter of five inches. The apparatus is lowered into the water to the desired 
depth. By pulling a rope the ends of the tube are sealed and the water is trapped 
without any air space. Once brought back to the boat, the water is poured into the 
collection bottles.
Water was collected in two bottles for each sampling station. Field blanks, 
consisting of organically pure water, were sent out on the sampling run. Lab blanks 
were kept in the chemistry lab at room temperature.
The collected samples were packed in ice in an insulated ice chest and sent back 
to the lab. Then they were placed in a refrigerator until it was time to chlorinate them.
CHLORINATION of LAKE WATER
Samples were removed from the refrigerator. A 1000 mg/1 chlorine/buffer solution 
was added to the water by removing a portion of the water and replacing it with the 
desired concentration of the chlorine buffer. The chlorine buffer was made up in 500 
ml portions. To the organically pure water, 39 grams of boric acid, 4.4 grams of 
sodium hydroxide, and 2.5 ml of a sodium hypochlorite solution were added. The 
chlorine/buffer solution was baked overnight at 100°C. The final concentration was 
determined by titration.
The bottles were wrapped in aluminum foil and placed in a dark room for seven 
days. Darkness was required to prevent further photosynthesis of algae. At the end of 
seven days, the bottles were removed from the dark room and taken to the laboratory 
area. The chlorine residual and the pH of the water were determined.
SWIMMING POOL SAMPLING
Four 250 ml amber bottles were used for each swimming pool. The bottles were 
held underwater at about six inches. Water was allowed to fill the entire bottle. The 
teflon screw cap was screwed on below the surface of the water to prevent the 
introduction of air to the sample. Sampling was performed when conditions were 
suitable for swimming. Samples were brought back to the laboratory for analysis.
EXTRACTION OF TRIHALOMETHANES
The following extraction was used for both the chlorinated lake water and also for
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the swimming pool water. Thirty-five ml of the sample was placed in a 40 ml vial. One 
gram of ammonium chloride was added to prevent further chlorination. Seven ml of 
pentane was then added and six grams of sodium sulfate was added as a salting out 
agent.
The vials were sealed with a teflon-lined screwtop cap and shaken by hand to 
prevent coagulation of the sodium sulfate. They were then placed in a shaker bath for 
ten minutes.
After mixing had been accomplished with the shaker bath, the vials were stood 
upright for ten minutes. Two ml amber autosampler vials were filled with the pentane 
layer of the extraction vial. The samples were placed in the autosampler and the gas 
chromatographic analysis was started.
Periodically, recovery rates were established for each of the THMs. Spikes were 
introduced at the following levels for each of the THMs, 50 /xg/1 for chloroform, 25 
jitg/1 for bromodichloromethane, 25 /xg/1 for dibromochloromethane, and 5 /*g/l for 
bromoform. These levels were introduced to the field sample just prior to extraction.
GAS CHROMATOGRAPHY FOR TRIHALOMETHANES 
The Hewlett-Packard HP5890 gas chromatograph was equipped with an electron- 
capture detector. A Durabond-5 fused silica capillary column, thirty meters long, with 
an internal diameter of 0.25 mm and a film thickness of 1.0 micron was used for 
analysis. The column was calibrated weekly with 20 /-ig/l injections of chloroform.
Each run was temperature programed with the following conditions. The oven
14
was set for 30°C for two minutes. The temperature then increased three degrees per 
minute until a temperature of 110°C was reached. The temperature was increased to 
eleven degrees per minute to a final temperature of 204°C and held there for two 
minutes.
HALOACETIC ACID EXTRACTION
Twenty ml of the chlorinated water was added to a 40 ml glass vial via a glass 
pipet. One ml of concentrated sulfuric acid was added to the sample to ensure a pH of 
less than 1.0. The haloacetic acids are protonated at this pH. Five ml of tertiary-butyl- 
methyl ether was added to the acidic water. Six grams of sodium sulfate was then added 
to the sample. The vial was capped with a teflon-lined cap, shaken by hand to dissolve 
the sodium sulfate, and placed on its side. Care was taken to add the reagents in this 
order and to do one sample at a time. When all of the samples had been completed, 
they were placed on an automatic shaker and shaken for ten minutes.
After mixing with the shaker bath the samples were allowed to stand for five 
minutes. The ether layer was removed with a glass pipet and placed in a 10 ml 
concentration tube, which is a graduated test tube that narrows towards the bottom of 
the tube so that accurate measurements of small volumes can be performed. Enough 
tertiary butyl methyl ether was added to total 8 ml in the concentration tube. When all 
the samples had been placed in concentration tubes, they were set in a water bath at 
40°C. They were then evaporated to 1.7 ml by allowing a gentle stream of nitrogen to 
blow over the ether. The tubes were capped and placed in a freezer at -10°C for five
15
minutes. This temperature was needed to make sure that the extract was cold enough 
for the addition of the diazomethane.
The samples were removed from the freezer. To each of the samples 250 microliters 
of a diazomethane solution were added with a glass pipet. Tertiary-butyl-methyl ether 
was added to bring the volume up to 2 ml. The tubes were mixed gently and capped. 
When all of the samples were completed, they were placed in a refrigerator at 4°C for 
thirty minutes.
During the methylation of the samples, 1 mg of silica gel was added to each 2 ml 
amber glass autosampler vials. The silica gel was used to quench any excess 
diazomethane.
After the thirty minutes, the samples were removed from the refrigerator and 
equilibrated at room temperature for fifteen minutes. A glass pipet was used to transfer 
the extract from the concentration tubes to the autosampler vials. The autosampler vials 
were sealed with teflon lined aluminum caps.
DIAZOMETHANE GENERATION
Fresh diazomethane is needed each time an extraction is performed, so a 
diazomethane generator (Figure 12) was used to generate the diazomethane. To the 
inner tube, 133 mg of l-methyl-3-nitro-l-nitroso guanidine (MNNG) was added. Then 
0.5 ml of organically pure water was added to the MNNG. The organically pure water 
was obtained from a millipore water system. Tap water was filtered through five ion- 
exchange cartridges and lastly an activated charcoal filter to remove the organics. To
the outer tube, 2 ml of tertiary butyl methyl ether was added. The apparatus then was 
clamped shut and placed in an ice-water bath. With a 1000 microliter syringe, five 
molar sodium hydroxide was added one drop at a time, to the MNNG. Each drop was 
five seconds apart to prevent explosions. When the last drop of sodium hydroxide was 
added, the generator allowed forty-five minutes to produce the diazomethane. Yellow 
ether in the outer tube marked the successful generation of diazomethane.
GAS CHROMATOGRAPHIC CONDITIONS FOR METHYLATED DERIVATIVES
The Hewlett-Packard 5890 gas chromatograph, equipped with an electron-capture 
detector, was used with a Durabond-1701 fused silica capillary column, thirty meters 
long. The internal diameter of the column was 0.25 mm and had a film thickness of 
0.25 microns. Two microliters were injected. The initial temperature was 37°C and 
held for twenty-one minutes. Then the temperature was programmed to increase eleven 
degrees per minute to 136°C and held there for three minutes. The next temperature 
increase was twenty degrees per minute to 236°C and held for three minutes.
STANDARDS
Standards for both the trihalomethane extraction and the haloacetic acid extraction 
were performed with each sample run. For the trihalomethane extraction, a range of 0 
to 225 ngl\ was employed. The range for the haloacetic acid standards was 0 to 120 
figl\. Concentrations of the samples were derived from the linear range of the standard 
curve. The standard curve for chloroform was taken from two regions from the overall
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curve because of the differences of slopes where the sample could be found. The linear 
range for low chloroform samples was between 0 jtg/1 and 25 /zg/1 while for the 
majority of the samples the linear range of 50 /*g/l to 225 /tig/1 was adequate (Figure
13). The linear range of the other three THMs was between 0 /ig/1 and 75 /xg/1 (Figure
14).
RESULTS and DISCUSSION
Trihalomethane levels from chlorinated lake water were shown to be significantly 
higher from water chlorinated with 25 mg/1 hypochlorite solution than with 5 mg/1 
hypochlorite solution. The Overton arm results are listed in table 2. Graphic 
representation of the data can be seen in Figure 15. Chlorination of 5 mg/1 consistently 
produced levels of chloroform concentrations in the 50 to 60 /xg/1 range while 
chlorination at 25 mg/1 resulted in chloroform concentrations near the 100 /ng/1 level.
Differences in the time of year did not effect the concentrations of THMs in the 
lake water. However, one location in the Overton Arm varied from the results of the 
rest of this region of the lake. This region, designated F0, is where the Virgin River 
enters the Overton Arm of Lake Mead.
The Virgin River is the major inflow to the Overton arm. Brominated byproducts 
are slightly higher in this area than other areas of the Overton Arm and also any other 
part of Lake Mead or Lake Mohave. The chloroform level in the F0 sector is also 
higher than other areas of the Overton Arm. This indicates that this area of Lake Mead
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has a higher quantity of plant and animal life than the areas further out in the Overton 
Arm. There are more nutrients in this area, more life, and also more waste products 
to be chlorinated.
A high bromide concentration is not common to inland freshwater systems. It can 
be found in freshwater systems that are tributaries to the oceans. Another source of the 
bromide ion is from agricultural runoff that contain brominated pesticides. The source 
of this bromide concentration may be attributed to an irrigation drain that feeds into the 
Virgin river (Table 5).
The Boulder Basin region of Lake Mead differs from the upper basin. The 
Colorado River supplies the greatest quantity of water to this portion of the lake. 
Secondary influent comes by way of the Las Vegas wash. Runoff from rains collect 
precursors and empty in the Boulder Basin. The sanitation district also discharges 
tertiary treated wastewater into Las Vegas Wash.
This leads to the logical deduction that this area of Lake Mead should have a higher 
concentration of THM precursors. Table 3 shows that the concentration of THMs 
produced from chlorination of water from the Boulder Basin of Lake Mead are on the 
average higher than the Overton Arm. Graphic representation of the data can be seen 
in Figure 16. The areas BC2 and BC3 have a higher concentration of THMs than BC5 
and BC8. This is expected because areas BC2 and BC3 are closest to the Las Vegas 
Wash. There is also evidence from the chlorination experiments that the bromide source 
for the lake is not in the Boulder Basin region. The concentrations of brominated 
species are lower than those in the Overton Arm. Bromoform is not even detected in
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most of the chlorinated samples of the Boulder Basin.
Lake Mohave results are listed in Table 4. A higher concentration of hypochlorite 
was utilized in anticipation that this lake had a greater supply of THM precursors. The 
results show that this expectation was not realized. The THM levels produced were 
somewhat higher than the Overton Arm and lower than the Boulder Basin. The area 
designated R44 produced more THMs than found in other areas of Lake Mohave. 
Graphic representation of the data can be seen in Figure 17.
The question of how much chlorine to add to the sample came up during this 
investigation. Water districts generally add about 5 mg/1. The water that is chlorinated 
at the water districts has gone through several filtration processes and holding ponds 
where some of the organics are eliminated by sedimentation. Water used in this study 
had a greater concentration of precursors. Tables 3 and 5 list the results of experiments 
to find the amount of chlorine needed to disinfect the total precursor pool.
In each case, as the amount of hypochlorite increases, the TTHM increases also, 
despite each chlorine level leaving a chlorine residual. In particular, chloroform levels 
increase sharply, as the hypochlorite level increases. As the THM adds a bromine, the 
rate of THM increase decreases and levels off or decreases (Figure 18). It is evident 
when looking at the percentages of each compound as the amount of hypochlorite 
increases. The percent of chloroform increases slightly with more hypochlorite, while 
the brominated compounds decrease in percentage as the hypochlorite addition 
approaches 200 mg/1. The reason for this could be attributed to a depletion of the 
bromide source or the equilibrium shifting in favor of the formation of chloroform.
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Table 5 shows that chloroform starts to level off when the hypochlorite addition is at 
100 mg/1 but still shows an increase at 200 mg/1 hypochlorite.
Table 5 also has the results of an experiment involving the chlorination of algae and 
the effect of using different types of filters. Three different types of filters were used 
to filter lake water. Compared to a blank a nucleopore filter had a 6 percent chloroform 
increase over the unfiltered water, a glass-fiber filter (GFC) had an 81 percent increase 
in chloroform, and a millipore filter had a chloroform increase of 107 percent. This 
seems contrary to what should be happening, however, it may be explained if the filter 
acts as a lacerator, opening the contents of algae and exposing more chlorophyll and 
other cellular organics.
Another experiment involving algae consisted of chlorinating three species of algae, 
Microcystis, Chlorella, and Chlamydamonas. The concentrations of the algae were 
determined by a fluorescence detector so that each species was of the same density. The 
Chlamydamonas density produced a chloroform level of 125.0 /ig/l, the Microcystis 
density 38.3 /ig/l, and the Chlorella 3.9 /xg/l. This suggests that the algae, 
Chlamydamonas, has a greater supply of organics internally than the other algae or that 
the destruction of Chlamydamonas is more efficient.
A brief look at what levels of THMs would be produced when a commercially 
available purified water was chlorinated was performed. The water was not distilled but 
run through ion trap filters. Sparkletts bottled water produced a chloroform level of 
15.2 /ig/l while an under-the-sink carbon filter with a tap water source produced a 
rather high 237.6 /ig/l output (Table 5). Sparkletts water that was not chlorinated
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produced no THMs. This indicates that the Sparkletts water was fairly free of THM 
precursors and that the water purifier had been contaminated and needed changing 
immediately.
The haloacetic acid (HAA) extraction procedure was derived from a method being 
developed by the Metropolitan Water District of Southern California (MWD,1989)38. 
It was designed for at least two people to do the extraction. The task of this research 
was to modify the method so that one person could perform the extraction in just a few 
hours. Twenty samples were prepared without any problems.
Table 6 and Table 7 list the results of the HAA extractions. For the most part, 
these results coincide the THM results. DBAA is consistently higher in the Overton arm 
of the lake and the areas that are higher in THMs in the Boulder Basin and Lake 
Mohave are higher in HA As. One surprising aspect of this study was that the difference 
in hypochlorite concentration addition does not follow the results of the THMs. High 
levels were found at a 5 mg/1 chlorination addition and lower levels were found at 
higher chlorination additions. This can be attributed to the experimental nature of the 
extraction and the efficiency of the extraction on that day. Tap water was extracted at 
two times during the day. Insignificant amounts of HA As were found in the water.
Some problems did occur in the development of the extraction procedure, based on 
a method utilized by the Metropoliton Water District of Southern California (MWD, 
1989)38 The method called for the extraction solvent to be filtered through a six gram 
acidified sodium sulfate filter funnel to make sure the solvent was free of water. When 
this was done, nearly eighty percent of the extraction solvent was lost. This step was
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eliminated when a comparison of filtered and nonfiltered solvent showed no difference 
on the GC-ECD chromatogram. Care was taken to ensure that when the ether layer was 
removed from the extraction vessel, that no water was taken up by the pipet.
An extra fifteen minutes was added to the diazomethane generation and also to the 
methylation of the HAAs. The result was a higher yield of diazomethane and a more 
efficient methylation. After noting that the GC-ECD chromatograms contained shorter 
peaks of the compounds of interest, longer times of diazomethane generation were 
shown to have decreased the yield of diazomethane.
The most significant problem with this extraction is that the methylation performs 
so well that it methylates any carboxylic acid and other compounds that it makes the 
chromatogram very difficult to quantitate. The chromatogram of the tap water was 
much better than that of lake water (Figure 19). In contrast to the methylated haloacetic 
acids, the chromatogram for the THMs much more cleaner and easier to quantitate 
(Figure 20).
SWIMMING POOL RESULTS AND DISCUSSION
Twelve swimming pools were sampled in the Las Vegas area. Six were private 
pools and six were public pools. Private pools were those that belonged to a single­
family homeowner and public pools were those that were shared by more than one 
family, such as apartment pools and pools operated by health clubs. Two of the public 
pools were indoor pools.
The results are listed in table 8. The average level of chloroform found in private
pools was 20.1 ng/1. There was one private pool that had much higher levels of 
chloroform than the other private pools, a level of 50.3 /tg/1. If that pool is omitted, 
then the average level becomes 14.0 /ig/l. For the public pools, the average chloroform 
level was 65.3 yng/1 with one pool with very low levels of chloroform, 11.8 /cg/1. 
Omitting this pool, raises the chloroform level to 76.0 /ig/1. omitting the two indoor 
pools from the public pool group pushes the chloroform level up to 90.3 /ig/l. The two 
indoor pools had an average of 54.5 /tg/1. Graphic representation of the swimming pool 
data can be seen in Figure 21.
The differences in chloroform levels in the various pools may be attributed to three 
causes. The number of users can greatly effect the pool’s cleanliness. The more 
swimmers, the more organic products enter the water. Having children in the pool can 
diminish the water quality, since younger children feel it safe to urinate in the 
swimming pool. The second reason is the amount of chlorine added to the swimming 
pool. The private pools that were sampled were chlorinated by a floatation device filled 
with slow-dissolving chlorine tablets, usually consisting of trichloro-s-triazinetrione. 
The public pools were serviced by pool services that either dumped a liquid chlorine 
solution in the pool once a week or bubbled chlorine gas in the water. The third reason 
deals with indoor vs outdoor pools. The sun’s rays do not reach the water to initiate 
photosynthesis in algae. Fewer THM precursors are produced for chlorination.
In the case of the private pool having elevated chloroform levels, the owners had 
children and they were having problems adjusting the pH of the water. The public pool 
that had the low level chloroform did not allow children in the pool and the pool was
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frequently free of swimmers.
MINIMUM DETECTION LIMITS
The minimum detection limits were established for each of the trihalomethanes. The 
formula consisted of a t-value times the standard deviation (Table 8).
CONCLUSION
Through the chlorination study of this research, an organic map has been 
established for three areas of the Colorado River in the Southern Nevada area: the 
Overton Arm of Lake Mead, the Boulder Basin of Lake Mead, and the upper portion 
of Lake Mohave. The Boulder Basin produced the highest levels of THM’s after its 
waters had been chlorinated, followed by the Lake Mohave water, and finally, water 
taken from the Overton Arm of Lake Mead. Should there be further studies on THM 
prodction on these areas in future years, they can be compared to the results found in 
this study. This research can serve as a guage as to whether these bodies of water are 
increasing or decreasing in water life or pollution content.
If there comes a time when the collection site of the Las Vegas Valley water supply 
needs to be relocated from its current site at the bottom of the Boulder Basin, ten miles 
east of the entrance point of the Las Vegas Wash, then the logical choice for a new site 
would be somewhere in the Overton Arm of Lake Mead. This choice is made on the 
basis of water purity. The water in this area contains a lower amount of biological life 
and less water runoff from rainstorms than other regions of Lake Mead.
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The haloacetic acid extraction procedure produced inconsistent results due to the 
experimental nature of the procedure. Further refinement of the procedure needs to be 
performed if this method is to accurately applied to lake water. The diazomethane is 
a very good methylator of a variety of compounds so that the end result produces 
chromatograms that are difficult to quantitate. The extraction method that was refined 
in this research applies well to water that has already been through a disinfection 
process, such as tap water. An alternate method, such as methlylating with 
borotrifluoride, could be used instead of the diazomethane for lake water. The resulting 
chromatograms may be cleaner because of fewer compounds being methylated.
Trihalomethanes were found to exist in swimming pools found in the Las Vegas 
Valley. They were found to remain in the water even with the intense heat in this high 
desert climate. Chloroform dominated the THM products, while bromoform was not 
detected. Bromodichloromethane and dibromochloromethane were found in very small 
amounts. Since chloroform is a suspected carcinogen, steps should be taken to decrease 
the amount of chloroform produced in swimming pools. The slow dissolving chlorine 
tablets perform well to limit chloroform production while still disinfecting the 
swimming pool adequately. Showering before entering the water is effective method of 
limiting contaminants that enter the pool.
It is suggested that a close look be taken at spas to see what chlorination byproducts 
are formed. Spas are now using bromine rather than chlorine because the bromine is 
less irritating so an examination of the byproducts from bromination is warranted.
APPENDIX
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chci3 CHCl2Br CHClBr2 CHBr3
Molecular Weight 119.38 163.83 208.29 252.75
Melting Point °C -63.50 -57.10 -22.00 8.30
Boiling Point °C 61.7 90.0 119.0 149.5
Liquid Density g/1 20 °C 1.483 1.980 2.451 2.980
Solubility
g/lOOg H20  15 °C ND ND ND 0.301
g/lOOg H20  30°C ND ND ND 0.319
mg/1 H20  25°C 7800 ND ND ND
mg/1 H20  30°C
\ m _ M/%
7600 ND ND ND
ND= No Data
Table 1. Properties of trihalomethanes.
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s t e p  1: CH4 ♦ C l 2 — C H 3 CI  + HCI
s t e p  2: CH3 CI + Cl 2 — — - >  C H g C ^  + HCI
hv
s t e p  3: CH2 CI2 + Cl 2 — —  —>  CHCI3  + HCI
I >> r e m o v e d
hv
s t e p *  CHCI3 ♦ C l2 — CCI 4 + HCI
Figure 1. Chloroform produced by ultraviolet light.
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0
2 CH jCCH 3 + 6Ca(0CI)2 - H 2 0   >
0
2CHCI3 + (CH33 - 0 ) 2Ca f  2Ca(OH)2 + 3CaCI2 + 6H2 0
Figure 2. Degradation of acetone to chloroform by action 
of a bleaching agent.
a ix 3
CHCI3 *  AIBr3 -------------- >  CHBr3 + AlClg
Figure 3. Synthesis of bromoform from chloroform using 
an aluminum trihalide as a catalyst.
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II O H  B
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Figure 4 . Synthesis of chloroform from acetone.
Figure 5. Disassociation of hypochlorous acid.
♦ HOCI ----------- >  No R eaction
OH ♦ HOCI ■ 8 '° W—>  Cl OH
HO
OH ♦ HOCI — ! i> *CHCI ♦ other
products
Figure 6. Other reactions with hypochlorous acid.
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COOH
OH
,OHHO,
C = 0COOH
[C l; (C l;(Cl; [C l;
'OCH. OH‘OCH. C H ,0 ' OCH.
OHOH OH
C H ,0 ,
CO OH
OH
■191;0 ----- (C |;
.OH HO, OH
OH
OH
Figure 7. Proposed Structure of a humic acid. 
(Christman, 1963)
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HOCI B r '  ------------- >  HOBr * C l '
HOBr ♦ p r e c u r s o r . -------------------- CHBr^
Figure 8. Formation of hypobromous acid and its reaction 
with a precursor to form bromoform.
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V l f t O l N  R I V E R
f  H o o v e r  d a m  R6*f
R27
LAKP M oK A V e
Figure 9. Lake Mead and Lake Mohave of the Colorado River system.
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Figure 10. Sampling sites of the Overton Arm of Lake Mead.
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Las Vegas 
Wash
BC2
BC3
BC5
BC8
Figure U . Sampling sites of the Boulder Basin of Lake Mead.
N aO H
1 -m ethyI-3-n itro-3-  
n l t r o s o g u a n ld in e
W a te r
t-bu ty l  m e thy l  e t h e r
Figure 12. A diazomethane generator.
A
re
a
(T
ho
us
an
ds
)
0  5 0  1 0 0  1 5 0  2 0 0  2 5 0
Concentration ug/L
450
40 0 -
350-
300-
250-
200 -
150-
100-
50-
2 5
Concentration ug/L
Figure 13. Standard curve for chloroform, top) full range 0- 250 ug/1. 
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39
_o
. O
. O
.O
o
_o
_o
CO CO o
(suoHHifl)
B30V
S2
CQKo
<2
£9
o
t-
CQOJ
o
Ko
+
W)3
>0
1
o
CQ
ffi
U
T3
CC4
CQ
U
X
U
u"
CQ<ni
0
a
u
t-i
£
<U>Ui
3
o
C<J
• a
c
d*-»
00
<0u
3&0
U-,
40
Date Sampling Hypochlorite CHC13 CHC12Br CHCIBr2 CHBr'
site concentration
mg/1
ug/1 ug/1 ug/1 ug/I
6-30-89 F2 5.0 53.3 15.6 7.3 0.9
F6 5.0 51.8 16.2 7.6 0.9
8-17-89 F2 5.0 54.3 16.3 9.0 1.0
F4 5.0 53.4 16.0 8.4 0.9
F4 25.0 82.9 15.7 8.3 1.0
9-18-89 F2 5.0 52.7 15.6 9.1 1.4
F6 5.0 63.2 17.9 9.5 1.2
10-22-89 M l 25.0 102.8 29.2 15.0 1.3
F0 25.0 127.3 41.9 25.1 2.7
F2 25.0 100.0 28.7 14.5 1.2
F4 25.0 101.0 28.8 14.4 1.1
F6 25.0 107.7 29.1 11.7 1.0
11-17-89 F0 25.0 100.7 27.5 13.0 0.7
F2 25.0 88.1 23.6 10.6 0.5
F4 25.0 96.0 24.9 10.7 0.5
F6 25.0 96.6 24.7 9.5 0.4
6-26-90 Ml 25.0 126.1 29.4 13.0 0.8
F0 25.0 144.6 33.7 14.6 0.9
FI 25.0 118.9 29.8 12.4 0.8
F2 25.0 117.9 29.1 11.1 0.7
F4 25.0 114.6 28.2 11.9 0.8
F6 25.0 114.6 27.5 10.6 0.6
ND= Not detected
Table 2. Trihalomethane concentrations of chlorinated water taken 
from the Overton Arm of Lake Mead.
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Overton Arm Data
160
140
6-26-90
120
100
F2FI F4Ml F0 F6
Collection Site
CHCI3 H H  CHCI2Br □  CHCIBr2 [g g §  CHBr3
Figure 15. Graphs of the Overton Arm data.
Overton Arm Data
O) 8-17-896-30-89 9-18-89
O  3 0
F2 F6
Collection Site
1 4 0
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10-22-89 11-17-89o>
a  100
20
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Figure 15. Graphs of the Overton Arm data.
43
Date Sampling Hypochlorite CHC13 ClICUBr CHClBr2 CHBr3
site concentration
mg/1
Ug1 ug/1 UgO ug/1
7-18-89 BC2 25.0 90.4 19.0 6.8 ND
BC3 25.0 127.9 224 5.9 ND
BC5 25.0 109.3 20.9 5.3 ND
BC8 25.0 87.9 18.7 4.7 ND
8-01-89 BC2 15.0 110.6 19.7 7.2 0.6
BC2 25.0 128.2 20.7 6.3 ND
BC2 35.0 138.1 21.1 5.8 ND
BC2 50.0 160.2 21.8 5.2 ND
BC3 15.0 119.1 17.7 6.2 0.5
BC3 25.0 199.3 23.8 5.9 ND
BC3 35.0 211.6 24.6 5.9 ND
B O 50.0 214.7 23.4 4.9 ND
BC5 15.0 928 19.9 8.1 0.6
ECS 25.0 114.6 21.6 7.3 ND
BC5 35.0 1320 226 6.7 ND
BC5 50.0 144.2 229 6.3 ND
BC8 15.0 93.4 20.3 7.4 ND
BC8 25.0 127.6 20.8 6.6 ND
BC8 35.0 111.9 20.3 5.9 ND
BC8 50.0 127.6 20.8 5.4 ND
8-15-89 BC2 35.0 281.0 33.0 6.9 ND
B O 35.0 239.5 29.2 7.3 ND
B O 35.0 160.7 229 6.3 ND
BC8 35.0 114.7 20.7 6.5 ND
8-30-89 B O 5.0 327 6.8 1.8 ND
B O 10.0 100.4 15.2 4.1 ND
B O 15.0 1S6.4 18.7 4.8 ND
B O 25.0 194.0 18.2 3.8 ND
BC8 5.0 69.7 18.8 8.4 0.8
BC8 10.0 89.7 20.9 8.2 0.5
BC8 15.0 1026 225 8.9 ND
BC8 25.0 118.7 23.5 8.2 ND
10-16-89 BC2 25.0 129.3 28.3 8.8 ND
B O 25.0 124.7 28.0 9.0 0.7
B O 25.0 118.4 27.4 9.3 ND
BC8 25.0 125.4 28.6 9.5 0.7
10-23-89 BC2 25.0 88.9 15.2 4.0 0.5
B O 25.0 67.2 15.3 3.6 0.5
B O 25.0 429 13.0 6.3 1.1
4-25-90 BC2 25.0 173.8 38.0 15.9 1.5
B O 25.0 164.1 38.7 16.3 1.5
B O 25.0 136.9 37.5 17.4 1.9
BC8 25.0 128.1 303 121 1.0
N D =  N o t de tec ted
Table 3. Trihalomethane concentrations of chlorinated water taken 
from the Boulder Basin of Lake Mead.
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Figure 16. Graphs o f the Boulder Basin data.
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Sampling Hypochorite CHC13 CHC12Br CHClBr2 CHBr
site concentration
mg/1
ug/1 ug/1 ug/1 ug/1
R42 15.0 169.4 21.4 5.1 ND
R44 15.0 165.4 21.1 4.8 ND
R44M 15.0 157.1 19.7 4.9 ND
R45 15.0 81.8 18.0 5.8 ND
Cottonwood Cove 35.0 118.6 21.7 6.5 ND
R27 0 Meters 35.0 109.0 19.8 6.2 ND
R27 14 Meters 35.0 98.5 18.1 6.1 ND
R27 20 Meters 35.0 101.8 18.9 6.2 ND
R39 0 Meters 35.0 121.3 19.9 5.3 ND
R39 8 Meters 35.0 115.0 20.1 6.2 ND
R39 15 Meters 35.0 102.7 23.8 6.5 ND
R44 35.0 173.0 24.9 4.4 ND
R44M 35.0 167.3 23.1 5.7 ND
R44A 35.0 118.2 21.7 5.9 ND
R45 35.0 118.2 21.5 6.5 ND
R53 35.0 113.9 20.7 6.3 ND
R64 35.0 118.2 21.8 6.4 ND
ND= Not detected
Table 4. Trihalomethane concentrations of chlorinated water taken 
from north end of Lake Mohave.
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Figure 17. Graphs of the Lake Mohave data.
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Date Sample Hypochlorite
concentration
6-18-90 Las Vegas Wash
mg/1
25.0
4-25-90 Sparklctts Water
75.0
100.0
125.0
150.0
185.0
200.0 
25.0
10-22-89 Water Purifier 25.0
9-18-89 Irrigation drainage 5.0
Filters 
No filter 25.0
GFC 25.0
Nucleopore 25.0
Milliporc 25.0
6-30-90 Algae
Microcystis 25.0
Chlorella 25.0
Chlamydamonas 25.0
CHCI3 CHCI2Br CHCIBr2 CHBr3
ug/1 ug/1 ug/1 ug/1
6.4 1.0 ND ND
22.3 9.9 1.2 ND
71.4 50.6 2.1 ND
92.1 49.6 2.0 ND
86.9 41.5 2.3 ND
96.9 44.9 2.8 ND
101.4 42.5 2.5 ND
15.2 ND ND ND
237.6 14.6 1.2 ND
12.6 36.0 57.0 27.3
45.2 ND ND ND
81.6 ND ND ND
48.2 ND ND ND
93.4 ND ND ND
38.3 ND ND ND
3.9 ND ND ND
125.0 ND ND ND
ND= Not detected
Table 5. Trihalomethane concentrations of miscellaneous water 
chlorinations.
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Figure 18. The effect of increasing hypochlorite concentration on 
the production of trihalomethanes. Water taken from the 
Las Vegas Wash.
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Concentration mg/L
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Date Sampling Hypochlorite DCAA TCAA DBAA
site concentration ug/1 ug/1 ug/1
mg/1
6-02-89 F2 5.0 108.0 80.9 9.7
F4 5.0 110.4 87.2 8.1
F7 5.0 96.2 75.7 6.2
6-08-89 F2 5.0 117.8 97.1 5.9
F4 5.0 106.4 79.5 5.9
F6 5.0 107.4 99.7 6.1
6-11-89 F2 5.0 107.2 175.2 8.7
F4 5.0 130.3 239.1 9.5
F6 5.0 87.4 119.8 7.1
6-15-89 F2 5.0 102.0 189.5 12.6
F4 5.0 94.7 170.7 9.0
F6 5.0 85.4 139.2 8.9
F7 5.0 79.1 120.1 6.1
8-17-89 F2 5.0 11.8 7.1 2.2
F4 5.0 11.1 7.0 2.2
7-18-89 BC2 25.0 19.9 11.4 1.8
BC3 25.0 47.0 23.7 2.6
BC5 25.0 38.7 19.7 2.4
BC8 25.0 28.6 15.4 2.3
8-15-89 BC2 25.0 148.0 146.7 2.4
BC3 25.0 127.8 122.2 3.4
BC5 25.0 116.7 99.2 6.7
BC8 25.0 65.9 48.7 9.3
Table 6. Haloacetic acid concentrations of chlorinated water from the Overton Arm 
and the Boulder Basin of Lake Mead. Dichloroacetic acid (DCAA), 
Trichloroacetic acid (TCAA), Dibromoacetic acid (DBAA).
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Sampling Hypochlorite DCAA TCAA DBAA
site concentration ug/1 ug/1 ug/1
mg/1
8-16-89 R27 0 Meters 35.0 68.4 54.6 5.9
R27 14 Meters 35.0 66.2 55.3 6.9
R27 20 Meters 35.0 62.8 52.2 6.1
R39 0 Meters 35.0 77.7 66.3 5.3
R39 8 Meters 35.0 70.1 57.3 5.9
R39 15 Meters 35.0 56.4 47.1 4.7
R44 35.0 113.7 135.9 3.2
R44M 35.0 90.2 102.4 3.5
R44A 35.0 54.6 46.6 4.7
R45 35.0 62.8 51.9 4.2
R53 35.0 62.2 48.2 7.1
2-11-90 Tap water 8:00 am 0.0 ND 2.9 0.8
Tap water 6:00 pm 0.0 ND 2.8 1.2
ND= Not detected
Table 7. Haloacetic acid concentrations of chlorinated water taken from Lake Mohave and 
from tap water. Dichloroacetic acid (DCAA), Trichloroacetic acid (TCAA), 
and Dibromoacetic acid (DBAA).
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Figure 19. Chromatograms from methylated haloacetic acids, 
top) from tap water, bottom) from chlorinated 
lake water.
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Figure 20. Chromatogram of trihalomethanes from chlorinated 
lake water.
# Type CHC13 CHC12Br CHClBr2 Location
ug/1 ug/1 ug/1
1 Private 17.8 1.4 0.5 Outdoor
2 Public 88.0 1.8 ND Outdoor
3 Public 79.1 2.1 0.4 Outdoor
4 Private 50.3 1.6 0.3 Outdoor
5 Public 43.7 1.6 ND Indoor
6 Public 65.3 1.5 0.4 Indoor
7 Public 103.8 2.0 ND Outdoor
8 Private 28.0 0.7 ND Outdoor
9 Private 13.1 0.7 ND Outdoor
10 Public 11.8 1.0 0.2 Outdoor
11 Private 9.7 ND ND Outdoor
12 Private 1.6 ND ND Outdoor
9a Private 57.3 4.3 1.7 Outdoor
ND= Not Detected
Table 8. Trihalomethane concentrations from swimming pools. 
Swimming pool #9a was collected in a plastic bottle.
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Figure 21. Graph of the swimming pool data.
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E2Z>r rw “ t :n-r 3=Lr -.rL,L,l rt , a
1 2 3 4 5 6 7 8 9 10 11 12 9a
Pool #
c h c i3 r a n  c H c m r  e r a  c h c ib v
Compound Mean SD MDL
ug/1 ug/1 ug/1
Chloroform 5.10 0,58 1.83
Bromodichloromethane 4.60 0.45 1.43
Dibromochloromethane 4.59 0.21 0.67
Bromoform 4.99 0.13 0.41
SD= Standard deviation, MDL= Minimum detection limits
Table 9. Minimum detection limits. MDL= t(standard deviation).
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